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(57) ABSTRACT

In a liquid-tight connector 20 of the present invention, a
fitting recess portion 25b for fitting on a mating male
connector portion 13 1s formed 1n a female connector portion
25 of a housing 23, and a filling material 15 1s filled 1n a
f1lling material-pouring recess 254 which 1s formed in an
inner bottom wall 254 of the fitting recess portion 25b to
receive proximal portions of metal terminals 9 projecting
from the mner bottom wall 25a. Three steps 31, 32 and 33
are formed on a peripheral surface of the filling material-
pouring recess 25d over the entire periphery thereof to form

a stair-like portion spreading outwardly toward an open end
of the pouring recess 25d.

9 Claims, 7 Drawing Sheets
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1
LIQUID-TIGHT CONNECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a liquid-tight connector for
connecting electrical wires together, and more particularly to
a liquid-tight connector which 1s mounted 1n a through hole
in a casing filled with a liquid, and connects electrical wires
provided inside the casing and electrical wires provided
outside the casmg m a liquid-tight manner.

2. Prior Art

For example, in an automatic transmission of an
automobile, electrical wires of a solenoid valve, various
sensors and so on which are mounted 1nside a transmission
casing so as to control the transmission device are connected
to a control. unit provided outside the transmission casing,
through a connector mounted 1n a through hole 1n the
fransmission casing.

However, the interior of the transmission casing 1s filled
with o1l for lubricating the transmission device. Therefore,
the above connector must be designed to connect the elec-
trical wires provided inside the transmission casing and
clectrical wires provided outside the transmission casing, 1n
such a manner as to prevent the o1l within the transmission
casing from leaking to the exterior of this casing.

Therefore, there has heretofore been used a liquid-tight
connector 1 as shown m FIGS. § and 6. This liquid-tight
connector 1 comprises a housing 3 of a synthetic resin for
mounting on a transmission casing (not shown). And a
connector 5 of a synthetic resin has a male connector portion
13 for fitting 1n a female connector portion 7 of the housing

3.

The female connector portion 7 of the housing 3 includes
an mner bottom wall 7a through which male metal terminals
9 extends, and a fitting peripheral wall 7c which extends
from a peripheral edge portion of the inner bottom wall 7a
in a direction of projecting of the metal terminals 9 and
forms a fitting recess portion 7b into which the male
connector portion 13 of the mating connector § can be fitted.

The connector 5 has female metal terminals 11 (for
connection respectively to the metal terminals 9) received
and held respectively 1 terminal receiving chambers formed
in the male connector portion 13.

The other end portions (right end portions in FIG. 6) of the
metal terminals 9, provided 1n the housing 3, extend through
the inner bottom wall 7a of the female connector portion 7
into the interior of a transmission casing. And the other end
portions are electrically connected respectively to connec-
fion terminals of electrical parts within the transmission
casing.

The housing 3 1s required to have a high sealing perfor-
mance so that foreign matters will not intrude into the
interior of the transmission casing and that working o1l or the
like within the transmission casing will not leak to the
exterior.

Therefore, 1n the housing 3, usually, the metal terminals
9 are 1nsert molded 1n the female connector portion 7 to be
integrally connected thereto, and in that side (surface) of the
fitting recess portion of the iner bottom wall 74, a filling
material-pouring recess 7d 1s formed around a base portions
of metal terminals projecting from said inner bottom wall of
said fitting recess portion. A suitable amount of a filling
material 15, such as an epoxy resin, 1s poured into the filling
material-pouring recess 7d, thereby perfectly sealing the
metal terminal-passing portions of the female connector
portion 7.
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As shown 1 FIG. 8, the filling material 15 1s poured 1nto
the filling material-pouring recess 7d 1n the housing 3 by the
use of a nozzle 17 insertable 1nto the {fitting recess portion
7b. Generally, the fitting recess portion 7b 1n the housing 3
has a narrow open end, and therefore the nozzle 17 1is
inserted generally vertically mnto the {fitting recess portion
7b, and then the filling material 15 1s poured.

During the pouring of the filling material 15 by the nozzle
17, the filling amount 1s confirmed through the open end of
the fitting recess portion 7b with the eyes, and when the
liquid level of the poured filling material 15 reaches the
vicinity of the upper edge of the filling material-pouring
recess 7d, the pouring of the filling material 1s stopped.

However, 1n the above conventional housing 3, it 1s
difficult to accurately confirm the displacement of the liquid
level of the filling material 15 during the pouring of the
filling material 15 by the nozzle 17, and there were possi-
bilities that the filling amount was so small that the sufficient
scaling performance could not be achieved and that the
filling amount was so large that the {filling material 15
overflowed 1nto the fitting recess portion 7b.

In the case where the filling material-pouring recess 7d
has a generally rectangular transverse cross-section as
shown 1 FIG. 7, the filling material 15 poured into the
filling material-pouring recess 7d vigorously flows along the
vertical peripheral wall of the filling material-pouring recess
7d, and therefore the liquid level becomes slightly higher at
corner portions X (where a surface tension of the filling
material 1s higher than at the other portions) than at the other
portions. Therefore, even 1f the amount of filling of the
filling material 15 1s proper, the liquid level projects an
amount At beyond a pouring-limit line Z into the fitting.
recess portion 7b at the corner portions X, as shown 1n FIG.

9

The filling material 15, thus overflowed into the fitting
recess portion 7b, 1s deposited on an inner surface of the
fitting recess portion 7b, such as a bottom surface 7¢ thereot
to be opposed to the front end surface of the male connector
portion 13, and when this filling material 15 1s solidified,
there 1s a possibility that the two connectors are not properly
fitted together.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to solve the
above problems and more specifically to provide a satisfac-
tory liquid-tight connector 1n which the displacement of a
liquid level of a filling material during the pouring of this
f1lling material can be easily confirmed with the eyes, and an
undesirable rise of the liquid level 1n a filling material-
pouring recess 1s prevented, thereby preventing the 1ncom-
plete fitting connection between two connectors.

The above object of the present invention has been
achieved by a liquid-tight connector comprising:

a fitting recess portion for fitting on a mating male
connector portion 1s formed in a female connector
portion of a housing;

a filling material 1s filled 1n a filling material-pouring
recess which 1s formed around a base portions of metal
terminals projecting from said inner bottom wall of said
fitting recess portion; and
a step portion, spreading outwardly toward an open end of
said filling material-pouring recess, formed on a
peripheral surface of said filling material-pouring
recess.
In the above construction, when the filling material 1s
poured into the filling material-pouring recess provided at
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the mner end of the fitting recess portion of the female
connector portion, through the open end of the fitting recess
portion, by a nozzle, the displacement of the liquid level of
the filling material during this pouring operation clearly
differs visually, depending on whether or not the liquid level
rises beyond the step portion, and therefore this displace-
ment can be easily confirmed with the eyes.

Therefore, the uppermost step 1s spaced downwardly a
suitable distance from the boundary between the fitting
recess portion and the filling material-pouring recess so that
the amount of filling of the filling material can become
proper when the liquid level reaches the uppermost step.
With this arrangement, there can be avoided disadvantages
that the filling amount 1s so small that the sufficient sealing
performance can not be achieved and that the filling amount
1s so large that the filling material overtlows mto the fitting
recess portion.

In the case where the filling material-pouring recess has a
ogenerally rectangular transverse cross-section, a surface
tension of the poured filling material 1s higher at each corner
portion of the filling material-pouring recess.than at the
other portions thereof, and therefore the liquid level of the
filling material rises beyond the steps at the corner portions
carlier than at the other portions. However, at this time, the
liquid surface of the filling material spreads, and the liquid
level-raising force 1s consumed 1n enlarging the area of the
liquid surface. As a result, the rise of the liquid level at the
corner portions of the filling material-pouring recess can be
suppressed.

Therefore, there can be prevented the incomplete {fitting
connection between the two connectors due to the solidifi-
cation of the filling material overflowed into the fitting
recess portion to be deposited on an inner surface (e.g. a
bottom surface) of the fitting recess portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertical cross-sectional view of important
portions of one preferred embodiment of a liquid-tight
connector of the present 1nvention.

FIG. 2 1s a view as seen 1n a direction of arrow C of FIG.

1.

FIG. 3 1s a vertical cross-sectional view of an important
portion of the connector, showing a method of pouring a
filling material into a housing of FIG. 1.

FIGS. 4(a) to 4(c) are enlarged views of a portion D of
FIG. 1, showing a change of the liquid level, as well as a rise
of the liquid level at each corner portion of a filling material-
pouring recess, 1n accordance with the amount of filling of
the filling material 1nto the filling material-pouring.recess.

FIG. 5 1s an exploded, perspective view of a conventional
liquid-tight connector.

FIG. 6 1s a vertical cross-sectional view showing impor-
tant portions of the liquid-tight connector of FIG. 5.

FIG. 7 1s a view as seen 1n a direction of arrow A of FIG.

6.

FIG. 8 1s a view showing a method of pouring a filling
material into a housing of FIG. 6.

FIG. 9 1s an enlarged view of a portion B of FIG. 6,
showing a rise of a liquid level of the filling material at a
corner portion of a filling material-pouring recess.

DERAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

One preferred embodiment of a liquid-tight connector of
the present 1nvention will now be described 1n detail with
reference to the accompanying drawings.
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FIG. 1 1s a vertical cross-sectional view of important
portions of one preferred embodiment of the liquid-tight
connector of the present invention. FIG. 2 1s a view as seen
in a direction of arrow C of FIG. 1. FIG. 3 1s a vertical
cross-sectional view of an important portion of the connec-
tor showing a method of pouring a filling material 1nto a
housing of FIG. 1. FIG. 4 1s an enlarged view of a portion
D of FIG. 1, showing a change of the liquid level, as well as
a rise of the liquid level at each corner portion.of a filling
material-pouring recess, and in accordance.with-the amount
of filling of the filling material into the filling material-
pouring recess.

As shown 1 FIGS. 1 and 2, the liquid-tight connector 20
of this embodiment comprises a housing 23 of a synthetic
resin for mounting on a transmission casing (not shown) of
an automobile, and a connector 5 of a synthetic resin having,
a male connector portion 13 for fitting 1n a female connector
portion 25 of the housing 23. The liquid-tight connector 20
of this embodiment has the same construction as that of the
conventional liquid-tight connector 1 of FIGS. 5 and 6
except the connector portion 235.

The female connector portion 25 of the housing 23
includes an inner bottom wall 25a through which male metal
terminals 9 extends, and a fitting peripheral wall 25¢ which
forms a engaging recess portion 25b fitted with the male
connector portion of the mating connector by extending
from a peripheral edge portion of the inner bottom wall 254
in a direction of projecting of the metal terminals 9.

The other end portions (right end portions in FIG. 1) of the
metal terminals 9 provided in the housing 23 extend through
the inner bottom wall 254 of the female connector portion 25
into the interior of the transmission casing, and are electri-
cally connected respectively to connection terminals of
clectrical parts within the transmission casing.

In order to enhance the sealing performance of the metal
terminal-passing portions (through which.the metal termi-
nals 9 pass) of the housing 23, the metal terminals 9 are
insert molded in the connector body 25 to be integrally
connected thereto, and the filling material-pouring recess
25d 1s formed in that side (surface) of the inner bottom wall
25a, facing the fitting recess portion 25b, to receive those
portions of the metal terminals 9 projecting from the inner
bottom wall 254 into the fitting recess portion 25b. A
suitable amount of the filling material 15, such as an epoxy
resin, 1s poured 1nto the filling material-pouring recess 25d,
thereby perfectly sealing the metal terminal-passing por-
fions.

The filling material-pouring recess 254 has a generally
rectangular transverse cross-section including a bottom base
portion 25/, and three steps 31, 32 and 33 are formed on a
peripheral surface of the filling material-pouring recess 25d
over the enftire periphery thereof to form a stair-like portion
spreading outwardly toward an open end of the pouring
recess 23d.

As shown 1n FIG. 3, the filling material 15 1s poured into
the filling material-pouring recess 25d in the housing 23 by
the use of a nozzle 17 insertable into the fitting recess
portion 25b. The fitting recess portion 25b 1n the housing 23
has a narrow open end, and therefore the nozzle 17 1is
inserted generally vertically into the fitting recess portion

25b as shown 1n FIG. 3. Then the filling material 15 1s
poured.

During the pouring of the filling material 15 by the nozzle
17, the filling amount 1s confirmed through the open end of
the fitting recess portion 25b with the eyes. When the liquid
level of the poured filling material 15 rises beyond the
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uppermost step 33 1n the filling material-pouring recess 25d,
the pouring of the filling material 1s stopped.

During the pouring of the filling material 15 into the
housing 23, the liquid level of the poured filling material 15
rises, so that the three steps are sequentially submerged in
the poured filling material 15 1n the order from the lower
one, as shown in FIGS. 4(a) to 4(c). Therefore, the displace-
ment of the liquid level clearly differs visually, depending on
whether or not the liquid level rises beyond the step 31, 32,
33, and therefore this displacement can be easily confirmed
with the eyes.

Therefore, the uppermost step 33 1s spaced downwardly a
suitable distance from the boundary between the fitting
recess portion 255 and the filling material-pouring recess
25d so that the amount of filling of the filling material 15 can
become proper when the liquid level reaches the uppermost
step 33. With this arrangement, there can be avoided disad-
vantages that the filling amount 1s so small that the sufficient
scaling performance can not be achieved and that the filling
amount 1s so large that the filling material 15 overtlows into
the fitting recess portion 25b.

A surface tension of the filling material 15 1s higher at
cach corner portion X of the filling material-pouring recess
25d than at the other portions thereof, and therefore the
liquid level becomes higher at the corner portions X than at
the other portions. Therefore, the liquid level of the filling
material 15 rises beyond the steps 31, 32 and 33 at the corner
portions X earlier than at the other portions. However, at this
time, the liquid surface of the filling material spreads, and
the liquid level-raising force 1s consumed 1n enlarging the
arca of the liquid surface. As a result, the rise of the lhiquid
level at the corner portions X of the filling material-pouring
recess 25d can be suppressed.

Therefore, there can be prevented the incomplete {fitting
connection between the two connectors due to the solidifi-
cation of the filling material 15 overflowed 1nto the fitting
recess portion 25b to be deposited on the inner surface (e.g.
a bottom surface 25¢) of the fitting recess portion 25b.
Particularly, there can be positively prevented a disadvan-
tage that part of the filling material 15 1s deposited on the
bottom surface 25¢ of the fitting recess portion 25b because
of the rise of the liquid level at the corner portions X of the
filling material-pouring recess 254, and 1s solidified, thus
inviting the imncomplete fitting connection between the two
connectors.

In the above embodiment, although the steps 31, 32 and
33 are formed continuously on the peripheral surface of the
f1lling material-pouring recess 25d over the entire periphery
thereot, the steps of the present invention are not limited to
such configuration, but can take various forms. For example,
the steps do not always need to be formed continuously on
the, peripheral surface of the filling material-pouring recess
over the entire periphery thereof 1n so far as the liquid level
of the filling material 15 1n the filling material-pouring
recess 25d can be confirmed over the enfire periphery
thereof. In this case, however, consideration must be given
so that the liquid level or surface of the poured filling
material will not become uneven or 1rregular.

In the above embodiment, although the three steps 31, 32
and 33 are formed on the peripheral surface of the filling
material-pouring recess 25d, the number of these steps are
not limited to three, but can be set to a suitable number such
as one and two or more.

Although the above embodiment 1s directed to the liquid-
tight connector for mounting on the transmission casing of
the automobile, the present invention i1s not limited to such
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6

a liquid-tight connector, but can be applied to a liquid-tight
connector for other use 1n so far as this liquid-tight connector
has a filling material-pouring recess similar to that of the
above embodiment.

In the above-mentioned liquid-tight connector of the
present invention, when the filling material 1s poured 1nto the
f1lling material-pouring recess provided at the mner end of
the fitting recess portion of the female connector portion,
through the open end of the {fitting recess portion, by the
nozzle, the displacement of the liquid level of the filling
material during this pouring operation clearly differs
visually, depending on whether or not the liquid level rises
beyond the step portion, and therefore this displacement can
be easily confirmed with the eyes.

Therefore, the uppermost step 1s spaced downwardly a
suitable distance from the boundary between the fitting
recess portion and the filling material-pouring recess so that
the amount of filling of the filling material can become
proper when the liquid level reaches the uppermost step.
With this arrangement, there can be avoided disadvantages
that the filling amount 1s so small that the sufficient sealing
performance can not be achieved and that the filling amount
1s so large that the filling material overflows into the fitting
recess portion.

In the case where the filling material-pouring recess has a
oenerally rectangular transverse cross-section, a surface
tension of the poured filling material 1s higher at each corner
portion of the filling material-pouring recess than at the
other portions thereof, and therefore the liquid level of the
f1lling material rises beyond the steps at the corner portions
carlier than at the other portions. However, at this time, the
liquid surface of the filling material spreads, and the liquid
level-raising force 1s consumed in enlarging the area of the
liquid surface. As a result, the rise of the liquid level at the
corner portions of the filling material-pouring recess can be
suppressed.

Therefore,-there can be provided the satisfactory liquid-
tight connector 1n which there can be positively prevented
the 1ncomplete {itting connection between the two connec-
tors due to the solidification of the filling material over-
flowed 1nto the fitting recess portion to be deposited on the
inner surface (e.g. the bottom surface) of the fitting recess
portion.

What 1s claimed 1s:

1. A liquid-tight connector comprising:

a female connector housing having a fitting recess portion
mateable with a male connector housing, said female
connector housing including a bottom wall through
which metal terminals project and said bottom wall has
a filling material-pouring recess therein around base
portions of said metal terminals; and

a filling material provided 1n said filling material-pouring
recess

wherein said female connector housing has a step portion,
spreading outwardly toward an open end of said filling,
material-pouring recess, formed at least partially on a
peripheral surface defining said filling material-pouring
recess, wherein said filling material 1s introduced
through said open end.

2. A liquid-tight connector according to claim 1, wherein
said step portion includes at least one step.

3. A liquid-tight connector according to claim 1, wherein
said step portion 1s formed entirely on said peripheral
surface of said filling material-pouring recess.

4. A liquid-tight connector according to claim 3, wherein
said step portion includes at least one step.
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5. A liquid-tight connector comprising;:
a female connector housing including:

a fitting recess portion mateable with a male connector
housing, said fitting recess portion including an open
end and a bottom surface substantially perpendicular
to an 1nsertion direction of said male connector
housing said bottom surface being connectable with
an end of said male connector housing;

a base portion from which metal terminals project, said
base portion being locate opposite from said open
end with respect to said bottom surface;

a step portion located between said base portion and
said bottom surface, said step portion spreading
outwardly toward said open end and defining a filling
material-pouring recess into which a filling material
1s 1njected through said open end to seal said metal
terminals.

6. A liquid-tight connector according to claim 5, wherein
said step portion includes at least one step.

7. A housing of a liquid-tight female connector adapted to
mate with a male connector including a male connector
portion, said male connector portion defining a first sectional
arca, said housing comprising:

a fitting recess portion for receiving said male connector

portion, said fitting recess portion having an open end,
a bottom surface opposite from said open end, and a
first peripheral wall connecting said open end to said
bottom surface;

said first peripheral wall defining a second sectional area
at least as large as said first sectional area;
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a base portion located opposite from said first peripheral
wall with respect to said bottom surface;

a second peripheral wall adjacent to said bottom surface,
and located between said bottom surface and said base
portion;

said second peripheral wall defining a third sectional area
smaller than said second sectional area;

a first step adjacent to said second peripheral wall and
located between said second peripheral wall and said
base portion, said first step defining a fourth sectional
area smaller than said third sectional area, wherein at
least one of said third and fourth sectional areas 1s filled
with a filling material.

8. A housing of a liquid-tight female connector according
to claim 7:

a second step adjacent to said first step and located

between said first step and said base portion, said
second step defining a fifth sectional area smaller than
said fourth sectional area.

9. A housing of a liquid-tight female connector according
to claim 8:

a third step adjacent to said second step and located

between said second step and said base portion, said
third step defining a sixth sectional area smaller than
said fifth sectional area.
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